We present analysis results on the Seyfert 2 galaxy NGC 4388 based on 6 yr of INTEGRAL data combined with Swift/Burst Alert Telescope survey and Swift/X-Ray Telescope pointed observations. These data, taken from 2003 to 2009, allow us to study the broad-band properties of this active galactic nucleus in the 0.3-300 keV energy range. The continuum emission of NGC 4388 is well represented by an absorbed power-law model with exponential cut-off at high energies and an upper limit on the reflection component of R < 0.5. We find slow strong variations of the hard X-ray emission, indicating both flux and spectral slope changes on the 3-6 months time-scale. In comparison with previous results on NGC 4388, the source shows a complex variability behaviour, i.e. the spectral shape and the 20-60 keV flux vary independently.
I N T RO D U C T I O N
The unification model of active galactic nuclei (AGN) assumes that the main difference between the various AGN types is due to geometrical effects (e.g. Antonucci 1993 ). The emission around the supermassive black hole at the AGN core is thought to be absorbed by more or less matter, causing the different characteristics we see in type 1 and type 2 objects. These differences should disappear when studying Seyfert galaxies at hardest X-rays (i.e. E 10 keV) where the role of absorption can be neglected, unless the absorbing material is indeed Compton thick. The hard X-ray emission can be studied in view of its spectral shape as well as for spectral variations in time. Only in recent years, with the hard X-ray detectors on-board BeppoSAX, International Gamma-ray Astrophysical Laboratory (INTEGRAL) and Swift, these kind of studies became feasible.
NGC 4388 is the brightest Seyfert 2 galaxy in hard X-rays (Beckmann et al. 2004) , with a redshift z = 0.0084 and viewed nearly edge-on at an inclination angle i 72
• (Phillips & Malin 1982) . The mass of the black hole in the centre of this AGN is estimated to be M BH = (1.7 ± 0.4) × 10 7 M (Bian & Gu 2007) . Its X-ray emission is absorbed by a moderate (by the scales of Seyfert 2 galaxies) and variable hydrogen column density in the range E-mail: efedorova@ukr.net 10 23 < N H < 10 24 cm −2 (Hanson et al. 1990; Elvis et al. 2004) , and thus can be classified as 'Compton-thin Seyfert 2' galaxy following Dewangan (2001) .
Because of its brightness, NGC 4388 has been observed by all major X-ray and γ -ray missions. The earliest X-ray observation of this object was done by Spacelab 2-X-Ray Telescope (SL2-XRT), detecting a column density of the absorbing medium at a level of N H 10 23 cm −2 (Hanson et al. 1990 ). Later the source has been observed by ROSAT and ASCA, and an Fe Kα emission line near 6.4 keV and a thermal component in the soft X-rays were found (Iwasawa et al. 1997; Forster, Leighly & Kay 1999) . The complex structure of the circumnuclear region with the X-ray bright nebula surrounding the central part was investigated in using the Chandra observations of NGC 4388 (Iwasawa et al. 2003) . Finally, the results of both XMM-Newton and RXTE observations had shown that the density of the absorbing medium is strongly variable (Elvis et al. 2004 ).
The first broad-band view on this source has been performed by BeppoSAX, disclosing the first signs of a Compton reflection and a high-energy cut-off above 100 keV in its spectrum (Risaliti 2002) . The source was also detected in the course of the Swift/Burst Alert Telescope (BAT) All-Sky Survey, appearing to be variable in the energy range 14-195 keV (Beckmann et al. 2007a; Tueller et al. 2008) . Observations by Suzaku (Fukazawa et al. 2007a; Shirai et al. 2008 ) suggest the presence of both direct and reflected components in the spectrum and detected fast (hour-scale) variations of the direct nuclear component of NGC 4388's X-ray to γ -ray emission.
NGC 4388 exhibits properties of both type 1 and type 2 AGN. The X-rays show a high level of absorption, clearly above the common dividing line at N H = 10 22 cm −2 , and a Compton reflection component (Fukazawa et al. 2007a; Shirai et al. 2008) , indicating that the source belongs to the type 2 class. On the other hand in the second SL2-XRT observation of NGC 4388 a low level of hydrogen column density had been detected (Elvis et al. 2004) . NGC 4388 and other type 2 AGN have been shown to host a hidden broad line region (HBLR), visible in polarized light (Bian & Gu 2007) . Studying the Eddington ratio λ = L bol /L Edd (here L bol is the bolometric luminosity and L Edd the Eddington luminosity) for HBLR (λ = 0.85 ± 0.31) and non-HBLR (λ = 0.33 ± 0.12) Seyfert 2 galaxies, Bian & Gu (2007) find that NGC 4388 displays a strong accretion flow with λ = 0.79, typical for a Seyfert 2 with a HBLR.
Since its first detection by INTEGRAL (Winkler et al. 2003 ) in 2002 (Courvoisier et al. 2003b , NGC 4388 has been observed several times over the years. The INTEGRAL mission offers the unique possibility to perform simultaneous observations over the 3-8000 keV energy range. This is achieved by the X-ray monitor [Joint European X-Ray Monitor (JEM-X)] (3-35 keV; Lund et al. 2003) , the soft gamma-ray imager [Imager on Board INTEGRAL Spacecraft (IBIS)/INTEGRAL Soft Gamma-Ray Imager (ISGRI)] (20-1000 keV; Lebrun et al. 2003 ) and the spectrograph Spectrometer aboard INTEGRAL (SPI; Vedrenne et al. 2003) , which operates in the 20-8000 keV region. Each of these instruments employs the coded-aperture technique (Caroli et al. 1987) . In addition to these instruments an optical monitor (OMC; Mas-Hesse et al. 2003) provides photometric measurements in the V band. The first detailed analysis of IBIS/ISGRI and SPI data of NGC 4388 from the first year of observations was presented in Beckmann et al. (2004) . The NASA-led Swift mission , launched in 2004, provides a more homogeneous sky coverage in the 15-195 keV band through the BAT instrument (Barthelmy et al. 2005 ) because of its observation strategy following gamma-ray bursts, making it an ideal instrument for long-term hard X-ray variability studies. The INTEGRAL's hard X-ray imager IBIS/ISGRI is more sensitive though and extends up to several hundred keV with better spectral resolution.
In this paper we present the results of our study of the X-ray and γ -ray emission of NGC 4388 detected by INTEGRAL based on 6 yr of observations. Our goal is to investigate the 3-300 keV continuum emission, using a larger data set than considered in previous works (Beckmann et al. 2004 (Beckmann et al. , 2009 ). The longer accumulated exposure time enables us to achieve better statistics and to detect the high-energy cut-off or/and the reflection component in the hard X-ray domain. In addition, we investigate the long-term variability properties of the source.
The outline of the paper is as follows. In Section 2 we describe the data set and the analysis methods. Section 3 is devoted to the results of the spectral analysis based on the full INTEGRAL data set. Combining the spectra from different instruments on-board INTEGRAL we obtain the spectrum of the source in the 3-300 keV energy range and detect the high-energy cut-off in the spectrum. In Section 4 we study the variability of the AGN and find significant variations of the ISGRI 20-60 keV flux as well as in the 15-50 keV data provided by Swift/BAT. The spectral shape is found to vary and the changes are not directly related to the flux level of the source. Finally, in Section 5 we discuss our results and compare them with the results of other X-ray and γ -ray observations. for the IBIS/ISGRI instrument. For SPI and both JEM-X monitors there were 586 and 154 ScWs, respectively. The total exposure time of the data set used for the light-curve extraction is ∼4.2 Ms for the imager IBIS/ISGRI, including all observations in which NGC 4388 was at less than 15
• off-axis angle. To extract the spectra we have used a smaller data set (from the area within the 10
• off-axis angle) of 840 ScWs (total exposure ∼2.1 Ms). For the spectrometer SPI ∼1.5 Ms of data are available (off-axis angle <10
• ), and the two X-ray monitors accumulated a total exposure time of ∼500 ks (offaxis angle <3
• ) on the source. INTEGRAL IBIS/ISGRI data analysis was performed using version 7.0 of the Offline Scientific Analysis (OSA) software provided by the INTEGRAL Science Data Centre (ISDC; Courvoisier et al. 2003a) . For IBIS/ISGRI spectral extraction the standard software was used. Spectra were extracted for every individual ScW and then summed up for the whole data set. The source is detected up to 300 keV. In order to account for (inter)calibration uncertainties, we applied 3 per cent systematics to the INTEGRAL spectra. The significances of detection are 105σ (20-40 keV), 60σ (40-60 keV), 37σ (60-100 keV) and 8σ (100-200 keV). For the JEM-X data we used OSA 9, and we extracted the spectra from mosaic images in several energy bands. This procedure has been shown to be more reliable for sources below ∼20 mCrab than the standard spectral extraction. The data from JEM-X1 and JEM-X2 have been merged, which gives a total exposure time of 493 ks and a detection significance of 45σ in the 3-35 keV energy band. SPI analysis was performed using the SPIROS (version 9.3.2) software, which is identical in OSA 8 and OSA 9.
The IBIS/ISGRI light curves have been extracted in three energy bands (20-60, 60- All the four pointed observations of NGC 4388 by Swift/XRT have been performed in photon counting mode. We merged all the four Swift/XRT spectra into one using the standard XSELECT routine and the XRT pipeline version 0.12.4 (HEASOFT 6.8 package). The source counts for this spectrum were collected from a 25 arcsec circular area around the source and the background was determined from a circular off-source region of equal size. The observation logs for the XRT data of NGC 4388 are shown in Table 2. 2 http://heasarc.gsfc.nasa.gov/docs/swift/results/transients/
S P E C T R A L M O D E L L I N G
Spectral modelling of the data was done using the XSPEC 12 package of HEASOFT 6.9 (Arnaud 1996) . For the spectral analysis we considered the two following models which describe the effect of reflection of the primary AGN emission on either the accretion disc, a hot corona or the cold absorbing gas surrounding it (see e.g. Risaliti 2002 for a physical motivation of the choice of the spectral models):
(i) an absorbed power-law model with cold Compton reflection component (XSPEC model zwabs·reflect(po); Magdziarz & Zdziarski 1995) . The reflection strength R is defined as the relative amount of reflection compared to the directly viewed primary spectrum;
(ii) an absorbed power-law model with additional cold Compton reflection component and exponential cut-off at high energies (zwabs·pexrav model; Magdziarz & Zdziarski 1995) .
The combined Swift/XRT and corresponding quasi-simultaneous ISGRI spectrum (i.e. obtained from revolutions 334 to 637, see Tables 1 and 2 ) are shown in Fig. 1 . The best-fitting results are shown in Table 3 , where the Swift/XRT and quasi-simultaneous IBIS/ISGRI spectra are denoted as data set 1. The data set 2 includes all the INTEGRAL data, i.e. JEM-X, IBIS/ISGRI and SPI, obtained during the whole time of observations. In order to account for the different observational periods and for uncertainties in the cross-calibration, we applied intercalibration factors K X and K γ for the X-ray spectrum (obtained by JEM-X or XRT) and the SPI spectrum, respectively, with respect to the ISGRI spectrum. The unabsorbed fluxes in three energy bands (4-20, 20-60 and 60-200 keV) are given in Table 3 .
We did not include the Fe Kα line seen e.g. in XMM-Newton data (Elvis et al. 2004; Beckmann et al. 2004 ) when fitting the data set 2 because the spectral resolution and effective exposure time of the JEM-X instruments did not allow a significant detection.
When analysing the Swift/XRT data together with the INTEGRAL data (data set 1) we included a Gaussian component to model the Fe Kα emission line (Fig. 1) , as the line is clearly detectable in the XRT spectrum. The Fe Kα line energy (E 6.5 ± 0.1 keV) is consistent within the uncertainties with the value reported from ASCA data (E = 6.48 ± 0.08 keV; Forster et al. 1999) , from two BeppoSAX measurements (E = 6.46 ± 0.09 and 6.38 ± 0.06 keV; Risaliti 2002), Chandra (E = 6.36 ± 0.02 keV; Iwasawa et al. 2003) and XMM-Newton (E = 6.39 ± 0.01 keV; Beckmann et al. 2004 ). The equivalent width (EW) of the iron line, as it can be derived from the Swift/XRT data, is comparably low with EW = 202 ± 20 eV. This is close to the lower end of the observed range of EW = 190-720 eV as found in the literature (Forster et al. 1999; Risaliti 2002; Iwasawa et al. 2003; Beckmann et al. 2004) .
The best-fitting model to the overall spectra following the Ftest statistics is model (ii) for both data sets (F-test probability of 97 per cent for data set 1 and 90 per cent for data set 2). This model gives an intrinsic absorption consistent with the one found in ASCA and BeppoSAX observations (Elvis et al. 2004 ), i.e. N H = 4 × 10 23 cm −2 , with a cut-off energy of E C = 209
+44
−32 keV and a photon index = 1.70 ± 0.04 for the data set 2 and N H = 3 × 10 23 cm −2 , E C = 75
+7
−6 keV and = 1.34 ± 0.02 for the data set 1. The reflection parameter is poorly constrained, and only an upper limit of R < 0.5 can be derived for both data sets (Table 3) . The folded INTEGRAL spectra are shown in Fig. 2 .
The parameters obtained for the summed Swift/XRT spectrum based on four short observations with quasi-simultaneous INTE-GRAL/ISGRI data appear to differ from the spectral parameters of the whole INTEGRAL data set. These results, especially when compared to previous studies (Risaliti 2002; Beckmann et al. 2004; Fukazawa et al. 2007a,b; Shirai et al. 2008) , point towards a significant X-ray spectral variability in NGC 4388. This motivated a study of the spectral shape with respect to the hard X-ray flux in the 20-60 keV band, as described in the next section.
VA R I A B I L I T Y A NA LY S I S
We extracted the light curve from INTEGRAL IBIS/ISGRI data in the 20-60 keV energy band to study the variability of NGC 4388 over the observational period. Time bins in this light curve are from 1 to 5 d, depending on the exposure times of observations in separate revolutions or close groups of revolutions. The ISGRI light curve together with the Swift/BAT light curve, with 30 d time bin, are shown in Fig. 3 (upper panel) . 3 The mean value of the flux in the 20-60 keV energy band during the observational period is 14 mCrab.
We fitted separately the IBIS/ISGRI spectra corresponding to each revolution. In order to have a data set as uniform as possible we did not consider here the JEM-X data, which cover only a limited part of the ISGRI observations. To fit these data and to estimate the unabsorbed fluxes, the power-law model with exponential cut-off at high energies was applied with the hydrogen column density fixed to the value obtained for the total INTEGRAL spectrum (taking into account that the reflection parameter obtained for the total spectrum best fit is compatible with 0, this model gave the same results as the pexrav one). We defined the hardness ratio as follows: HR = F 60-500 keV − F 20-60 keV F 60-500 keV + F 20-60 keV .
Here F 20−60 keV is the 20-60 keV flux and F 60−500 keV is the flux above 60 keV (the upper energy boundary is varying from 200 to 500 keV from one observational period to another).
The dependencies of hardness ratio on time and on the 20-60 keV flux are reported in Figs 3 (lower panel) and 4, respectively. The correlation coefficient computed for the hardness ratio versus 20-60 keV flux relation is R corr = 0.28 with a corresponding probability of chance occurrence of P corr = 0.1, indicating that there is no significant correlation between these two quantities.
To see how the changes in the source flux correspond to changes in the spectrum, we split the data into three parts corresponding to three phases and compare the spectra. We define hereafter the 'bright, hard spectrum (BHS) phase' as characterized by the highest flux level (>14 mCrab) and a hardness ratio of HR < 0.2. In the 'dim, hard spectrum (DHS) phase' the source has <14 mCrab and has a similar hardness ratio as during the BHS phase. Finally, we define a 'dim, soft spectrum (DSS) phase' with low fluxes and a hardness ratio of HR > 0.2, i.e. softer than during the BHS and DHS phases. We use only those revolutions or pairs of revolutions which following each other directly (for instance, 89 and 90 together) and use only those revolutions with an exposure time ≥50 ks. The data revolutions corresponding to the BHS are 89-94, 207, 267, 268, 272-275 and 443-445 ; to the DHS are 28, 32, 320, 321, 334 and 633-637 and to the DSS are 747-759. For the other revolutions (30, 36, 71, 72, 78, 82, 148, 149, 324, 325, 397-399 and 762 ) the exposure times are not long enough to determine to which spectral phase they belong to. Only in revolution 270 the flux was on a high level and the hardness ratio was HR > 0.2, i.e. the source showed a bright and soft spectrum (BSS). For this phase only ISGRI data are available. We have modelled the spectra for these subsets separately. BHS, DHS and DSS spectra (both JEM-X and ISGRI) are shown together in Fig. 5 .
To analyse the differences between the DSS, DHS and BHS spectra we fit the data obtained during these phases with model (ii) which is the best fit to the average INTEGRAL spectrum. We performed the modelling in two ways: (i) 'fixed cut-off' case: the high-energy cut-off value is frozen to the best-fitting value of the average INTEGRAL spectrum, i.e. E C = 209 keV, and the other parameters ( , R and N H ) are left free to vary;
(ii) 'fixed reflection' case: R is put to 0 (the best-fitting value to the average INTEGRAL spectrum), while photon index, high-energy cut-off and hydrogen column density are free to vary.
When using the 'fixed cut-off' model (χ 2 = 13.2 for the DSS phase, 13.8 during DHS phase and 15.2 for the BHS), the reflection parameter cannot be constrained for any of the different phases and only upper limits can be derived, consistent within the uncertainties for all phases and for the total average spectrum. For the same number of degrees of freedom, a smaller χ 2 is obtained when keeping the reflection parameter frozen and letting the cut-off energy free to vary (i.e. χ 2 = 10.6 for the DSS phase, 13.1 during DHS phase and 13.9 for the BHS). The results of the spectral fitting with this model are shown in Table 4 , together with the results for the ISGRI spectrum obtained during the particular revolution 270. Since no JEM-X data were available during this revolution, the hydrogen column density was fixed to N H = 4 × 10 23 cm −2 , i.e. the value obtained for the average INTEGRAL spectrum. With the 'fixed reflection' model, large variations of the cut-off energy as well as of the photon index are observed. Cut-off values of E C 110 and 80 keV are measured during the BHS and DHS phases, respectively, and only a lower limit of E C > 320 keV is found during the DSS phase. It was not possible to constrain the hydrogen column density of the DHS spectrum, and although the intrinsic absorption appears to be higher during the DSS phase than in the BHS one, the differences are significant only on a 2σ level. The photon indices during these phases show significant differences, with the DHS and BHS having harder spectra ( = 1.24 ± 0.12 and 1.51 ± 0.07) than the DSS phase spectrum ( = 1.87 ± 0.07).
D I S C U S S I O N
We used broad-band (0.3-300 keV) INTEGRAL and Swift data collected over 6 yr in order to study the flux and spectral variability in the Seyfert 2 galaxy NGC 4388. Based on the Swift/BAT and INTE-GRAL/ISGRI light curves (Fig. 3) we derive a maximum variability in flux by a factor of ∼2 in the 20-60 keV band on time-scales of 1-2 months. This is consistent with the flux variations by a factor of ∼1.8 as seen in the first 9 months of BAT observations (Beckmann et al. 2007a ). Flux variations of this magnitude are common among type 2 AGN. Variability at hard X-rays can be higher than a factor of 10 on months time-scale, as seen e.g. in the BAT light curve of NGC 2992 (Beckmann, Gehrels & Tueller 2007b ).
While our analysis covers time-scales larger than a month, studies based on Suzaku investigated the variability on time-scales shorter than a day (Fukazawa et al. 2007b) . Their study revealed periodical variability of the primary continuum within hours. The variability observed with Suzaku was explained in terms of fluctuations of the accretion flow and/or disc instabilities.
Comparably slow variations of the 20-60 keV flux and of the spectral slope are shown here based on INTEGRAL data. The spectral shape changes do not seem to be directly linked to the flux level though. A more complex dependence on the physical conditions in the accreting/reflecting/absorbing media has to be assumed. Variations of these conditions lead to change of the spectral parameters and/or flux level in some energy band.
Absorption
Changes of the column density of an obscuring medium are among the common causes for soft X-ray variability in Seyfert 2 (Risaliti 2009 ). NGC 4388 is not an exception: absorption-induced variations were found in this object by Elvis et al. (2004) .
The value of the column density in NGC 4388 obtained in our work is in the range N H = (2-7) × 10 23 cm −2 , confirming that this source is a Compton-thin type 2 AGN. This absorption strength is consistent with XMM-Newton measurements in 2002 (N H = (2.5-2.8) × 10 23 cm −2 ; Beckmann et al. 2004) , the results of two Chandra observations (N H = 2.5 × 10 23 cm −2 ; Iwasawa et al. 2003 , and N H = 3.5 × 10 23 cm −2 ; Elvis et al. 2004 ) and two ASCA observations (N H = (2.2-4.3) × 10 23 cm −2 ; Forster et al. 1999) . Changes in the intrinsic absorption on the level mentioned above can explain the variability in the 2-10 keV band as shown by Elvis et al. (2004) studying RXTE data. However, the modest variability in absorption is not sufficient to explain the hard X-ray flux variations observed in the data presented here, and also seen by Suzaku, as at energies >20 keV Compton-thin absorbers have little influence on the observed flux. To confirm the last statement we have compared the values of unabsorbed fluxes in 20-60 keV band (for all phases as well as for the total exposure spectra) with those obtained for different frozen values of column density within N H = (1-8) × 10 23 cm −2 . Only negligible differences were found.
Spectral slope and high-energy cut-off
Throughout the years we observe spectral variability in NGC 4388.
The best-fitting model to the total exposure time spectrum is an absorbed power law with an upper limit on the Compton reflection component (R < 0.5), a high-energy cut-off near 210 keV and a spectral slope of = 1.7. The value of the photon index is close to the mean value of = 1.8 derived from BeppoSAX observations of Seyfert 2 galaxies (Dadina 2007) , but the cut-off energy in NGC 4388 appears to be significantly lower than the average value of E C = 376 ± 42 keV.
However, as we can see from the results of our spectral modelling obtained during the different phases, the shape of the 20-300 keV spectrum of NGC 4388 varies both in photon index and cut-off energy. The lowest value of cut-off energy, obtained during the DHS phase, is E C 80 keV. This and the value of the spectral slope = 1.24 measured during this phase are consistent within the errors with the values obtained by Beckmann et al. (2009) based on the first 870 ks of INTEGRAL/ISGRI observations (i.e. E C = 80 keV and = 1.3). The high-energy cut-off of NGC 4388 measured in Suzaku data (Shirai et al. 2008) appears to be even lower, with a value of E C = 30 keV and an even harder spectral slope of = 0.9.
We find both 'hard spectrum' and 'soft spectrum' phases with a high level of 20-60 keV flux as well as with a low one. Thus the spectral shape does not appear to be directly linked to the flux level, especially taking into account the previous work by Beckmann et al. (2004) .
In NGC 4388 we observe at least four different types of variations:
(i) 2-10 keV variability due to changes of the density of an obscuring medium (Elvis et al. 2004) ;
(ii) fast intraday variations of the intrinsic nuclear emission at 3-200 keV, likely due to fluctuations in the accreting flow and/or disc instabilities (Fukazawa et al. 2007b );
(iii) broad-band flux changes with stable spectral shape (Beckmann et al. 2004 ) which can be caused by variations of the amount of accreting plasma (total or visible to the observer) in the hot corona surrounding the central black hole (Beckmann et al. 2007b) ;
(iv) variations of the spectral shape in the 20-300 keV energy range (this work).
The latter can be caused by instabilities in the accretion flow (i.e. temperature and density of the plasma in the corona, inner radius of the accretion disc, etc.) in a way described e.g. by Czerny (2003) .
NGC 4388 and other objects: differences and similarities
The behaviour we observe in NGC 4388 appears to be reversed to what was reported in the case of the brightest AGN at hard X-rays, the Seyfert 1.5 galaxy NGC 4151 . The data on this source revealed a high state with a plasma temperature of T = 50-70 keV with high optical depth (τ = 1.3-2.6) and a low state with T = 180-230 keV and τ = 0.3-0.7. Lubiński et al. interpreted the results as observations of an inner hot accretion surrounded by an outer cold disc.
An example of variations like the one we observe in NGC 4388 can be found in the Seyfert 1 galaxy IC 4329A . In this object a high-energy cut-off near 40 keV was found in the 2003 August INTEGRAL/ISGRI observations but no cut-off was detected in 2003 July. At the same time, the flux did not show significant variability.
Other objects with hard X-ray to γ -ray spectral shape variable on months time-scales are e.g. the Seyfert 1 galaxies NGC 5548 (Nicastro et al. 2000) and NGC 3783 (De Rosa et al. 2002) , the narrow line Seyfert 1 galaxy NGC 5506 (Manchanda 2006 ) and the Seyfert 2 galaxy NGC 2110 (Beckmann & Do Cao 2011) . The first three of these objects follow the pattern predicted by the twophased, non-pair-dominated AGN/X-ray background (XRB) model by Poutanen & Svensson (1996) . They show a behaviour similar in some sense to Galactic black holes (GBHs): steepening of the primary continuum when the source brightens, i.e. the flux level is correlated with the spectral slope. A cut-off at high energies was seen only in NGC 5548, and here only in the dim state.
In any case, the non-pair-dominated AGN/XRB model cannot be applied to NGC 4388 because this source does not show a correlation of flux level and spectral slope. In fact, the DSS and DHS phases have very similar fluxes with significantly different spectral parameters. To explain the variations observed in this AGN we suggest a more complex scenario, for instance that both density and temperature of the plasma in the corona change and also the disc/corona geometry is variable, similar to the scenarios presented by Uttley et al. (2003) and Petrucci et al. (2004) .
The behaviour of NGC 2110 and of NGC 5506 (in recent observations; Soldi et al. 2011) appears to be more similar to NGC 4388, i.e. spectral slopes and fluxes seem to vary independently. Still, those two objects differ from NGC 4388, because both cut-off at low energies. NGC 5506 has cut-off values in the range 40-100 keV and a softer ( = 1.9) average spectrum than NGC 4388, while the cut-off in NGC 2110 appears to be persistent at E C 80 keV, whereas for NGC 4388 it varies with time, not being directly correlated with the flux level.
For AGN, as well as for GBH systems, the low flux state with a hard spectrum and high-energy cut-off is supposed to be connected to radio-loud objects which display a jet (Ho 2005) or other types of outflows. The narrow line Seyfert 1 galaxy NGC 5506 is indeed a radio-quiet AGN (Gallimore et al. 2006 ) with a cut-off in the range 40-100 keV, while NGC 2110 is radio loud with a cut-off near 80 keV (Beckmann & Do Cao 2011) . NGC 4388 is a radio-quiet object despite the presence of a radio outflow (Gallimore et al. 2006) . This brings up the question about the radio emission of this AGNis it permanently weak or are there periods of comparatively high radio luminosity? Is the radio luminosity of this object connected to the flux and the spectral parameters in the X-ray band?
C O N C L U S I O N S
We have performed an analysis of the INTEGRAL data obtained for NGC 4388 during the period 2003 January to 2009 July, together with quasi-simultaneous data from Swift. The main results found from the data obtained the 6 yr of INTEGRAL observations of NGC 4388 can be summarized as follows:
(i) the flux variability on time-scales of 3-6 months in the 20-60 keV energy range is of the order of a factor of ∼2;
(ii) significant spectral shape changes of the 20-300 keV spectrum are observed, uncorrelated with the flux level;
(iii) the lower value of the exponential cut-off at high energies (found during the hard spectrum phase) is similar to that of radioloud AGN. However, NGC 4388 is a radio-quiet object. This flux and spectral shape variability is not induced by changes of the intrinsic absorption. The spectral variability detected here is rather peculiar for Seyfert 2 type objects. However, it is possible that in the near future we will discover more AGN with similar properties, especially taking into account the fast growth of both the amount and the quality of high-energy data on extragalactic objects.
The possible causes of the variability described above lie in the unstable conditions within the central engine, from changes of the temperature in the hot corona to perturbations in the inner part of the accretion disc due to ejections.
In GBH systems the hard/soft variations are supposed to be connected with radio ejections/jet activity. Thus it would be interesting to test this link in AGN, e.g. to observe NGC 4388 simultaneously in hard X-rays/γ -rays and at radio frequencies to trace out the link between the radio luminosity and spectral shape in X-rays/γ -rays.
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